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Introduction

Solar Energy —— Solar Photovoltaic Electricity

Solar energy can supply all of the electricity for the
U.S. using thls area (100x100mi.) in the SW

.

—— OR by using

a distributed* approach

using available areas throughout
the U.S. The average area per state -
would be 17x17 miles. s ;

Area required for solar
systems is 0.40% of the
continental U.S.

*Vacant land, parking lots, etc.
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Modification of Photocatalysts
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Objectives

« Screen catalysts by characterizing their activity
and selectivity as well as stability for the CO,/H,O
reaction under ambient conditions as a function of
wavelength and intensity.

* Develop an 1n situ infrared (IR) technique to
1dentify active adsorbates and elucidate reaction
mechanism.

« Design new catalyst tailored to be stable, active,
and selective 1n the visible light region.



Catalyst Preparation

« CuTiO,, Rh/TiO,, Pd/SiC, Cu/SiC prepared

by incipient wetness impregnation of support

[
[
by metal-salt solution. /s.\ Metal-salt
—~—_

solution

* Pd/Ti0O, sol gel prepared by adding

Ti(OC,H,), to a solution of n-butanol and _
Metal impregnated on support
acetic acid, followed by 8 hours of stirring,

upon which PdCl, 1s added.

« All catalysts are subsequently calcined in

flowing air at 773 K.



Experimental (slurry)
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Methane Formation Rate (umol/ g*cm3)
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Methane Formation Rate from Photocatalytic
Reaction in Slurry Phase Reactor

Catalyst Initial rate of CH, | Average rate of CH,
formation formation

(Umol/cm3/hr/g. ) | (Umol/cm3/hr/g.)

S1C 0.002 0.002
TiO, 0.004 0.004
0.5 wt% Pd/SiC 0.013 0.010
2.0 wt% Pd/Ti0, solgel 0.010 0.044
0.5 wt% Cu/SiC 0.011 0.008
0.5 wt% Cu/Ti0, 0.017 0.011
0.5 wt% Cu/SrTi0, 0.006 0.006

0.5 wt% Rh/Ti0, 0.029 0.015




Quantum Efficiency

o, + 20,0 V. cH, + 20,

C4H —— O+

8 x moles of methane yield <100

@, (%) =
moles of UV photon absorbed by catalyst



UV-Visible Spectroscopy
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UV-Vis in CO,/H,O Environment
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Quantum Efficiency (cont.)

Catalyst Quantum
Efficiency
(@)
S1C 0.55
Ti0, 1.13
0.5 wt% Pd/SiC 3.96
2.0 wt% Pd/T10, solgel 15.93
0.5 wt% Cu/SiC 3.11
0.5 wt% Cu/TiO, 4.80
0.5 wt% Cu/SrTiO, 1.94
0.5 wt% Rh/Ti10, 8.19




Experimental (in situ IR)

Modular assembly which includes aperture,
optical filters, IR filter, beamsplitter, and
photomultiplier tube (PMT) detector.
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In situ IR Spectrum of Photocatalytic Reaction
over Cu/T10, with CO, and Water
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Conclusion

* The quantum efficiency calculations show that Pd/Ti0,
solgel 1s the best catalyst for methane formation.
Rh/T10, also exhibits high activity for this reaction.

 In situ UV-Visible studies reveals that T10,-supported
catalysts require the higher energy (1.e. shorter
wavelength) to pass through the water-thin film
deposited on the surface to activate the photocatalytic
reaction.

e Preliminary in situ IR could successfully monitor the
adsorbate species.



Future Plan

Vycor porous glass disk

Surface area ~200 m?/g

Calcination NH; doping
=SiOH + Ti(OCH,), == =SiO-Ti(OCH;), == =SiO-TiO, == =SiO-TiN,
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